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Effects of Various Physical Activities 
on the Physical Fitness of 
University Men 
By DoNALD H. MAcKENZIE 
INTRODUCTION 
T HE prime purpose and values of college and university physical activity programs are to conserve physical fitness, provide recre-ational relaxation which will keep bodies and minds fit and alert, 
maintain students in good health so they may make the best uses of 
collegiate training. All other aims and values are supplementary, or of 
secondary importance, to these. 
Unfortunately, college physical educators have tended in practice to 
ignore these prime values of their program, while as Bobbitt! · warned 
in 1918, they have exalted the vital but secondary values of socializa-
tion or so-called "character training." 
Now, even if physical fitness is only one prime objective among 
many, it is incumbent upon directors of physical education-and even 
university presidents to-(a) maintain for students, opportunities to 
participate in those physical activities which yield the greatest health 
values, and (b) provide such supervision of these activities as will in 
fact yield the best results. Therefore, administrative officers must peri-
odically (c) investigate the actual effects on students' physical fitness 
of the activities (sports, military drill, gymnastics, corrective activities, 
etc.) provided and the supervision maintained . 
ln the experience and from research of the writer it seems that these 
administrative functions have seldom if ever been performed, except in 
a very casual and subjective manner. 
The guiding purposes of this study then, are three: 
1. To report the results of an objective investigation of the effect 
on physical fitness of various physical activities for freshmen at North-
eastern University during the fall and winter of 1934-1935· 
2. From the findings thereof, to draw conclusions and make recom-
mendations leading to: (a) the improvement of supervision in activi-
ties continued, (b) the extension of facilities for the most productive 
activities, (c) a background of facts which will guide student advisers 
and students in selecting activities for future development. 
3· To stimulate college and university directors of physical educa-
tion elsewhere to conduct similar studies, to the end that the most pro-
1 Franklin Bobbitt. 
/ 
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ductive activities and the most efficient methods of supervision and 
instruction will be incorporated· in every institution of higher learning. 
From another point of view the study derives special significance. 
During the past few years considerable discussion has taken place 
among educators regarding the value of physical education courses for 
college freshmen. Some observers ~ssert; without any objective proof 
whatsoever, that these courses are "very beneficial" to the students 
while others claim that, as the courses are set up at the present time, 
there is very little value derived from them. These claims, too, are 
largely unsubstantiated. The recent report of the Carnegie Foundation,2 
however, which indicates that the general cultural content of college 
seniors is no higher than that of freshmen, might easily be paralleled 
in lack of physical improvement as students prepare themselves for 
degrees and life work! College administrators ought to know the facts. 
It was with these aims in mind that the research reported here was 
undertaken. 
PROCEDURE 
Various methods of measuring physical condition and changes that 
take place in condition from time to time are available. The method 
used in this research was Physical Fitness Index testing, and analysis of 
test results "before and after" activity programs were followed. Fresh-
men were measured by this test at the beginning, at the middle, and 
at the end of the course. The changes that took place between tests 
were used as the measure of improvement or decline in the student's 
general health. The validity of P.F.I. technic has been well established 
over a period of ten years' experimenting and practical application on 
hundreds of thousands of school boys, girls, and men. Its application to 
the college level was the subject of G. N. Messer's doctor's dissertation.8 
After being tested the students selected activities according to 
their preferences and with the counsel of university officers. They re-
mained in these activities, participating from two to five periods week-
ly, for ten weeks, when they were retested. They then chose new activ-
ities (or continued in the same ones) for another ten-week period, after 
which they were given a third test. The test results were then analyzed. 
In detail , procedures were as follows: 
I. All freshmen at Northeastern University are required to undergo a thorough 
medical examination upon entering school. They are not allowed to participate in 
any physical activities until this has been done. 
2. Physicians were requested to examine each student and note any defects or 
condition which should bar the students from taking the strength tests. Conditions 
deemed sufficiently serious to restrict students from taking tests are as follows: 
2 B. D. Wood. 
a G. N. Messer, Critical Analysis of the Application of the Rogers Physical Fitnesi 
Test to Williams College Students. New York University, 1932. 
.J.. 
.a 
~· 
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heart trouble, hernia, rupture, recent appendix scars, and any other serious and 
recent illness. 
3. If the examining physician felt that the student's condition was satisfactory, 
he then took the seven tests which comprise the strength test battery. 
4· If, on the other hand, the physician felt that the student's health was such 
that it would be unwise for him tci take strength tests he was restrained until such 
time as the doctor felt his condition had improved sufficiently to remove any element 
of danger to the student. 
5. P.F.I. tests were given at the gymnasium of Northeastern University on 
September 7 and 8, 1934. They were repeated again on November 19 and 20, 1934, 
and also on January 28, and 29, 1935. 
6. At Northeastern University all freshmen are required to complete a twenty-
week physical education course. Students select the particular activity in which they 
wish to participate. There are eight options in each ten-week period as follows : 
First Half 
September 7 to November 19 
Abdominal Class 
Low Physical Fitness 
Gym Class 
Swimming Class 
Wrestling Class 
Track 
Cross-Country 
Football 
Second Half 
November 20 to January 28 
Abdominal Class 
Low Physical Fitness 
Gym Class 
Swimming Class 
Wrestling Class 
Track 
Hockey 
Bask~tball 
7. At the close of each period a list of participants was obtained from each 
coach and instructor for his activity. These lists were used in determining the 
P .F.I.'s of each group. 
GENERAL RESULTS 
FIRST PERIOD 
The general results of the first ten-week period are reported in de-
tail in Table I involving 282 men who were tested and retested. P.F.I. 
changes are pictured graphically in Chart 1. It is important to note first _ 
the high average P.F.I. of the entire group: 106.2. This average prac- · 
tically guarantees the existence of two conditions; first, that tests were 
efficiently administered, and second, that the general fitness of the 
Northeastern freshmen is phenomenally high. Averages elsewhere range 
from 90 to 98. Readers familiar with P.F.I. technic and average scores 
of high school seniors and college men will recognize the importance as 
well as significance of this high beginning average. 
Though the numbers of students in some groups were small, certain 
definite trends seem clearly evident. A few of these ate noted below: 
1. The average P.F.I. for the entire group rose from 106.2 to 111.6. 
This increase was quite unexpected-it may even be accurately de-
scribed as remarkable, considering that the tendency of average students 
in the average physical education and aca(lemic prograll! in grades 9 
through 16 is to lose in P.F .. I. during the fall and winter months. But 
these Northeastern students were already far above the average, due 
to heavy summer working programs. To improve further is not only 
TABLE I 
MASTER CHART SEPT.-Nov. P.F.I. DATA 
A~e Weight Height I Arm Leg Back Left 
Abdominal Sept. Ave. 18-II 144-1 67·9 340. 750. 459· 98.1 
Nov. Ave. 19-1 146·3 68.3 374- 787. 533· 102.6 
21 Cases Change 2 2.2 
·4 34· 37- 74- 4-5 
Low P.F.I. Sept. Ave. 18-4 169·7 68.7 ~~os6. 408. 95.1 Nov. Ave. 18-6 172 .0 69.1 197. 748. 482. 96·4 
11 Cases Chan:;e 2 2.3 
-4 77- q2. 74- -7 
Gym Sept. Ave. 18-7 137.1 
I 
68.0 
I 
36'1· 676. 444· 94·5 
Nov. Ave. 18-9 139.0 68.3 387. 737· 493· 100.8 
97 Cases Change 2 I.C) 
·3 20. 61. 49· 6._, 
Swimming Sept. Ave. 18-8 J40.1 68.6 
I 
259· 680. 
I 
445- 91. 
Nov. Ave. 18-10 141.7 68.8 319. 682. 479· 93-5 
30 Cases Chan_ge 2 I.6 . 2 6o. 2 . .34- 2.5 
Wrestling Sept. Ave. 18-9 142.6 67.6 
I 
357· 1750. 453· 100.9 Nov. Ave. r8-II 144·8 68.1 390. 774· 491. 109.6 
8 Cases Change 2 2.2 · .~ 33· 24. 38. 8.7 
Track Sept. Ave. 18-8 145.6 
I 
68.8 1~736. 453· 103.2 Nov. Ave. 18-ro 147-2 69.1 422 . 803. 517. 105.1 
74 Cases Change 2 r.6 ·.3 37· 67. 64. 1.9 
Cros~ Country Sept. Ave. 18-6 135 · 
I 
66.8' 400. 1701. 460. 94·3 
Nov. Ave. 18-8 136.9 6p 392.5 812.8 540. 98.1 
14 Cases Change 2 !.9 ·3 -7.5 III.8 So. .J.8 
Football Sept. Ave. !8-4 15!.6 68.9 1457· 759· 503. 
106.0 
Nov. Ave. r8-6 155.6 69.2 401. 840. 547· II0.7 
27 Cases Change 2 s.o 
·3 -s6. Sr. 44- 4-7 
All Groups Sept. Ave. 18-70 142·9 68.3 359· 708. 453. 98.0 
.Nov. Ave. 18-90 144-9 68.6 383. 767. 508. 102.2 
2S2 Cases Change 2 2. 
·3 24. 59· ss. 4.2 
(.:. ...  
I Right Lung 
IIO.O 262. 
115.8 271. 
5.8 9-
I 
101.7 
I 
259· 
IIO.O 256. 
8.3 -3. 
I 
105.6 
I 
261. 
109-5 263. 
3-9 2. 
I 
103.3 
I 
259· 
107.8 255· 
4-5 -4. 
I 
Il3·4 
I 
264. 
120.3 267. 
6.9 3-
I 
109-5 274-5 
II5.I 272 .5 
5.6 -2. 
I 
109.6 255-2 
uo.9 251.2 
1.3 -4. 
I 
II7.7 288. 
II7.6 280. 
- . I -8. 
108.2 267. 
I12 .4 266 . 
4-2 -I. 
S.I. N .S.I. 
2014. 1937· 
2184. 1977· 
170. 40. 
1607. 2384. 
1850. 2466. 
243· 82. 
1950. 1780. 
2100. 1820. 
rso. 40. 
1846. 1844· 
1930. 1886. 
84. 42 . 
2038. 1907. 
2154· 1946. 
II6. 39· 
2065. 2014. 
2241. 20$6. 
176. 42. 
2021. 1731. 
2196. 1773· 
175- 42. 
2229. 2187. 
2296. 2269. 
67. 82. 
1986. 1924 . . 
2141. 1970. 
I 55· 46. 
P.F.I. 
106. 
II2.2 
6.2 
67-4 
76.7 
9-3 
II0.6 
II6.8 
6.2 
103.5 
105.1 
x.6 
ro9.5 
II2.7 
~ 
106.1 
II3.0 
6.9 
II7. 
125.8 
8.8 
103.5 
102.7 
-.8 
106.2 
III.6 
5:4 
... 
.., 
00 
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excellent evidence of the character of their physical education and aca-
demic programs but also a new proof that college students as a rule do 
not even remotely approach their potentialities for work and study.• 
2. The "low P.F.I." group had the greatest gain. This might be ex-
pected, for these men were furthest removed from their potentialities. 
/JO 
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However, those familiar with the physical and temperamental nature 
of low P.F.I. men know that these often are the most difficult cases to 
"treat." 
.... 3· The football group had the least gain-it was, indeed, a loss. 
When the activity was analyzed this loss explained itself. 
4· Swimming and wrestling, two normally violent or all-round ac-
tivities, had small gains. These results were surprising but easily ex-
plained when investigated. 
5· The cross country group had the highest beginning average, 
namely, 117. They had the second greatest gain, as their P.F.I. in 
November was 125.8. 
6. The abdominal and gym classes both had a P.F.I. gain of 6.2 
although they had different starting averages. 
~ In connection see Giauque's comment on page 269. 
130 BOSTON UNIVERSITY STUDIES 
At this point the reader must have asked himself th/ questions; "But 
how were these activities conducted? Were facilities ample! Were 
classes large or small? Were instructors attentive or careless? Was the 
program well organized or not? What were actual teaching technics in 
each case? Did students in, say, football, lose strength in all parts of 
the body or only in some parts? What parts? How about changes in 
other activities?" ' 
These are perfectly proper questions. The first great contribution 
of the study is to demonstrate how concentratedly the questions are 
focused by the measurement program. They had never before been 
raised at Northeastern University, except in a perfunctory and routine 
way, for it was known in advance that no authoritative answers could 
be given. 
Later in this study brief attention is given to these questions for 
each activity. 
SECOND PERIOD 
At the close of the first period students relaxed for a few days, after 
which they selected activities for the second period. Of these 2 28 cases 
were retested in January. General results are reported in Table II and 
Chart 2. 
Brief comments on results are given below: 
I. The continued rise in P.F.I. from the high average of 106.2 in 
September to III.6 in November to II7.I in January serves to con-
firm many tentative observations made above: 
a) Testing must have been efficient throughout. 
b) The high P .F .1. in September was not erroneous or accidental. 
c) The Northeastern physical education and academic program is 
extraordinarily efficient when judged according to its effects on general 
health, physical fitness, capacity for activity or "life more abundantly." 
d) College students generally throughout the nation whose P.F.I.'s 
drop from year to year probably (I) loaf unnecessarily, or ( 2) over-
study, thus straining themselves physically. 
2 . The hockey squad had the greatest gain. This gain was 8 points 
from II7.3 to I25 .3 which was the third highest average P.F.I. obtained · 
by any group in either period. 
3· The " low P .F.I." group increased 5·9 points to an average of 
79·3 in January. This gain was a drop of 3·4 from the gain registered 
in the first period by this same group. 
4. The gym group increased 6.2 points. This is exactly the same 
gain that was made in the first period by the gym group. 
5· Wrestlers showed the least gain. They had an increase of only 
I .8 points. This is very small when one considers the amount of activity 
that is normally associated with this sport, but when one checks the 
conditions of the activity as conducted at Northeastern the reason 
becomes evident. 
1-
, 
... 
TABLE II 
MASTER CHART Nov.-jAN. P.F.I. DATA 
Age Weight Height Arm Leg Back Left 
Abdominal Nov. Ave. I9-90 I46.3 68.7 403.5 795- 529-7 102.3 
Jan. Ave. 19-ll0 146·9 68.9 433·3 842 .7 548·3 I03 .1 
15 Cases Change 2 .6 .2 29.8 47-i 18.6 .8 
Low P.F.I. 
I 
Nov. Ave. 18-4 /2 173-7 
I 
69.1 
I 
165.8 0 75-0 
I 
480. 95 -S 
Jan. Ave. 18-6% 171.4 69.3 I89.6 772-5 490.I 103 .8 
8 Cases Change 2 -2.3 .2 23.8 97.1 10.1 8.3 
Gym 
I 
Nov. Ave. 18-8 I40.6 68.2 391. i 4L7 
I 
492-5 99-7 
Jan. Ave. I8-1o 141.2 68.3 419. 8o8.3 534-1 104.6 
108 Cases Change 2 .6 .I 28. 66.6 4!.6 4-9 
Swimming 
I 
Nov. Ave. !8-9 140.8 68 .0 321.2 698.1 
I 
481.7 90.9 
Jan. Ave. 18-II I4I.5 68.2 344-3 764.1 SII.7 102 .3 
24 Cases Change 2 
-7 .2 2J.I 66.0 30.0 11.4 
Wrestling 
I 
Nov. Ave. 18-Il .\12 ISI.O 68.7 
I 
477-S 
I 
839.1 
I 
520.0 108.3 
Jan. Ave. 19-IJ/, ISI.9 68.8 477 -6 86s. S84.I 114-5 
II Cases Change 2 
-9 .I .I 25-9 64.I 6.2 
Track Nov. Ave. 18-10 148·7 69-7 389 .6 
I 
707 .3 
I 
so64 I03.1 
Jan. Ave. I9-D I52.I 69.8 416.5 853·7 s6o.o I08.9 
34 Cases Change 2 3-4 .I 26.9 146-4 53·6 s .s 
Hockey Nov. Ave. I8-2 136.3 68.7 422 . 760. 521.7 102 . 
Jan. Ave. 18-4 136.7 69.3 448.6 Sao. 573-3 102 . 
I3 Cases Change 2 4 .6 26.6 40. 51 .6 o. 
Basketball Nov. Ave. I8-6 I44·7 68.6 369.1 794-7 497-3 10J.9 
Jan. Ave. I8-8 I45 .1 68.7 411.2 845-5 s6z.o ro7 .s 
IS Cases Change 2 
·4 .I 42 .I so.8 63 ·7 3-6 
All Groups Nov . Ave. I8-9 I44.8 68.6 377-3 756.9 498.5 IOO.O 
Jan. Ave. I8- 11 I45 ·8 68.7 403.6 8I7.5 540-4 IOS -7 
228 Cases Change 2 I .O .I 26.3 6o.6 41.9 5-7 
•· 
I Right Lung 
I14-7 273·7 
II8.9 270-9 
4-2 -2 .8 
I 
110.8 
I 
249·8 
IOS .s 256. 
-S-3 6.2 
I 
1os.s 
I 
265·7 
ll4.1 264.0 
s.6 -!.7 
I 
1064 
I 
254·6 
110.3 251.5 
.3-9 -3 .1 
I 
120.3 
I 
281.9 
122.5 278.6 
2.2 
-3-3 
I 
ns.6 277 .5 
I224 280.7 
6.8 3·2 
I 
III.6 246.6 
120. 242 . 
8.4 -4.6 
II2 .7 
I 
27J .I 
u6.8 270-4 
4-I -2.7 
IIJ.2 267·5 
IIS -9 266.6 
4-7 - -9 
S.I. N.S.I. 
22I8.9 I983 .8 
23IO.S 2002.6 
91.6 18.8 
1784-9 2493.6 
I918. 2480.8 
133.I -12.8 
2099-3 1845-9 
2242-7 1867.4 
1534 21.5 
1958-7 I8Ss .8 
2090-7 !8?8.6 
I32 .0 22.8 
234i· 2069.1 
24424 2100.1 
95-4 3!.0 
2189.4 20774 
2342.I 2096.7 
IS2. 7 I9-3 
2162. I74I. 
2286. I755· 
I24. IS. 
2150.8 I925-4 
2312.4 I939.6 
I6I.6 I4.2 
2II2.4 I940-4 
2249-I I965-4 
I36.7 25.0 
P.F.I. 
113-9 
n8.I 
4-2 
73-4 
79·3 
5·9 
I 
ns.s 
121.7 
6.2 
109-7 
IIS.I 
54 
II4.9 
n6.7 
I .8 
I08.2 
II4.2 
6.0 
117-3 
I25-3 
8.0 
II2 .I 
119-5 
7·4 
Ill.4 
II?.I 
5 ·7 
.... 
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6. Swimming showed a gain of 5·4 points or three and a half times 
the first period gain. This was caused by a change in the type of activity .,( 
participated in by the students. 
7. The basketball squad had a gain of 7.4 points. This is contrary 
to several other researches which have been read by the writer but the 
reasons will be brought forth later in this study. 
z.vo PER;oo -PF.! CHANvES 
CHARTff 
BRIEF ANALYSIS OF ACTIVITIES 
Abdomi11al Group 
1. This group consisted of studrnts detected by physicians as " having trouble" 
in "abdominal regions." The most pronounced troubles were protruding abdomens, 
relaxed abdominal muscles, and post-operative cases. ~ 
2. Facilities were ample including a large gymnasium floor , stall bars, parallel 
bars, horses, and bucks. 
3. The program was organized in great detail and on paper at meetings of the 
physical education staff. The main purpose of the program was to help the students 
regain control of the muscles of the abdominal region. 
4. The group met twice weekly for fo rty- five-minute periods. M ost of the exer-
cises were taken lying on the fl oor, though considerable apparatus work was in-
cluded. The group was active most of each period. 
5. Changes in each test are reported in Tables I and II. The most outstanding 
change was in the back lift which increased 74 points in the first period. 
6. The reason for the change is possibly that the type of exercises givoo 
were very conducive to improvement of the muscles of the back. 
1 
• 
.. 
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7. The most outstanding "difference in change" between periods was in 
lung capacity which increased 9 points in \ he first period and lost 2.8 points in the 
second period. 
Low Physical Fitness Group 
I. This group consisted of students who had a Physical Fitness Index of So 
or below in the September test. 
2. Facilities were ample including a large gymnasium floor, stall bars, parallel 
bars, horses, and bucks. 
3. The pupils had a personal interview with the physical education staff at 
which time each student had his medical card and his strength test card checked 
over, and was questioned as to the reason for his low strength score. After this con-
ference an individual program was prepared for each boy who was then called in 
for a second conference. 
4 . The group met twice weekly for forty-five-minute periods. The exercises were 
varied to meet the individual conditions. Some were taken on the floor, some on 
apparatus and some standing, but all were under the supervision of an instructor. 
5. The changes in each t est are reported in Tables I and II. The most outstand-
ing change was in the leg lift . There was an increase of 92 points in the first period 
and 97 . I in the second period. 
6. The reason for the change is possibly that the type of exercise given was 
not .favorable to improvement of the muscles of th e legs. 
7. The most outstanding "difference in changes" between periods was in the back 
lift with a first period change of 74 and a second period change of ro.r. 
Gym Class 
I. This group consisted of all students who had not selected or were not assigned 
to any other activity. 
2. The facilities consisted of a large gymnasium one hundred feet in length and 
fifty feet in width. There were stall bars on one side of this gym. There was a net 
which could be strung across the floor making two gyms . 
3· The program was planned by the physical education staff and consisted of 
calisthenics of the usual type and games. 
4· The group met twice a week for forty-five-minute periods. The first fifteen 
minutes were given over to exercises and the ba.lance of the time was used for games. 
Due to the size of the class no apparatus work was given. 
5. Changes in each test are reported in Tables I and II. The most outstanding 
thing about this group is that the changes are very nearly the same as the average 
for all groups. There were no outstanding change& in individual tests . 
6. The most outstanding "difference in changes" between periods was the fact 
that the P .F.I. increase for both periods was exactly the same, namely 6 .2. 
Swimming Class 
I. This group consisted of students who were unable to pass the swimming test 
which is given to all entering freshmen at Northeastern University. 
2. The swimming pool is twenty-five feet wide and seventy-five feet long. The 
depth varies from two feet at one end to nine feet near the other end. 
3. The program was organized by the swimming instructor. The most important 
item in the program was to overcome the students' "fear of the water." This was 
accomplished by gradually allowing the students to try to swim. 
4 · The group met twice weekly for forty-five-minute periods. The students 
first practiced the strokes on benches. Then they hung on to the. edge of the pool 
and practiced the kicks . Later they stood in the pool and bent over to practice t he 
ann strokes. When they learned these strokes they were allowed to try to actually 
swim. 
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5. Changes in each test are reported in Tables I and II. The most outstanding 
change was in the leg lift . The increase was only 2 points in the first period as ,~ 
against an increase of 66 points in the second period. · ~ 
6. The reason for the change is possibly that the practice of the kick was not 
intensive enough in the first period when the time was divided between arm stroke 
and the kick. 
7· The most outstanding "difference in changes" between periods was in the 
P .F.I . The increase was 1.6 in the first period and 5·4 in the second period. 
Wrestling Group 
1. This group consisted of those students who desired to learn how to wrestle. 
It was an option open to all freshmen. 
2. The facilities were a room about fifteen by twenty feet, the floor of which 
was covered with mats. 
3· The instructor, an expert wrestler, planned his program so that the boys 
would learn the fundamentals of wrestling, as well as have some actual competition. 
4· The group.met twice weekly for forty-five-minute periods. They practiced 
making and breaking holds on each other during the first test period. During the 
second test period they had actual wrestling matches among themselves but as the 
facilities were inadequate they did not have much more than ten minutes exercise 
a day. The balance of the time was spent watching the others wrestle. 
5· Changes in each test are reported in Tables I and II. The most outstanding 
change was in the back lift. This increased 64.1 points in the second period as against 
38 points in the first period. 
6. The reason for the change is possibly that the constant use of the wrestlers' 
bridge did much to increase the strength of the back muscles. 
7. The most outstanding "difference in changes" between periods was in the 
arm strength where a first period increase of 33 points was recorded against a sec-
ond period increase of . I points. 
Track Squad 
1. This group consisted of students who desired to participate in track and who 
had been deemed sufficiently capable by the track coaches. 
2 . The facilities available included a twelve-laps-to-the-mile indoor track, a 
twelve-lap outdoor board track, and outdoor jumping pit, and a large gymnasium 
floor on which were practiced the dashes, hurdles, and shot-puts. 
3. The program was under the direction of three coaches, one of whom had .C. 
charge of the field event men . They planned their program so that each student 
received individual attention every day. 
4· The group met four times weekly for one hour periods. The student prac-
ticed on his specialty and did whatever other exercise the coaches thought would 
be useful. 
5· Changes in each test are reported in Tables I and II. The most outstanding .._t: 
change was in the leg lift where an increase of 67 points was registered in the first 
period and 146-4 points in the second period. 
6. The reason for the change is probably that the constant running indulged 
in by this squad greatly increased the strength of the leg muscles. 
7. The most outstanding "difference in changes" between periods was in the leg 
lift. The first period change was 67 compared to a second period change of 146-4. !! 
Cross-Country 
1. This group consisted of those men interested in the running of a cross-
country course. They were not cut by the coach but a selection was made each week 
of the seven best men for each intercollegiate race. 
2. The facilities available were a five-lap-to-the-mile cinder track, twelve-lap-
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to-the-mile board track, and a five-mile cross-country course so mapped out that 
any mileage from one to five could be accurately measured. 
3. The program was organized by the coach in detail and with the training of 
the students in mind. 
4· The group met twice weekly for ninety-minute periods. The first portion of 
each period was devoted to setting1 up exercises after which: the students ran either 
on the track or over the cross-country course. 
5. Changes in each period are reported in Table I. The most outstanding change 
occurred in the leg lift and the P .F .I. The leg lift increased I II .8 points while the 
P .F.I. increased 8.8 points. 
6. The reason for the change is apparently due to the exercise that the boys 
had in practice and in the meets. Constant exercise of the legs seems to improve the 
strength of the leg muscles. 
Football Squad 
I. This group consisted of those members of the freshman class that had been 
selected by the freshman coaches as sufficiently qualified to represent the Univer-
sity in intercollegiate competition . 
2 . The facilities available included a regulation football field , an extra practice 
field, equipment of the most modern kind and in sufficient amounts to take care of 
all the students. 
3. The program was organized by the three coaches so that the boys would have 
the fundamentals of football as well as a number of plays learned when the inter-
collegiate schedule started on October 7, I934· The schedule consisted of six games, 
five of which were won and the other tied. 
4· The group met five days weekly for ninety-minute periods. The practice 
consisted of setting up exercises, fundamental exercises in football, such as tackling 
and blocking, dummy scrimmages, and actual scrimmages. 
5. Changes in each test are reported in Table I. The most outstanding change 
was in the P.F.I. which decreased .8 points during the first period. 
6. The reasons for the changes are possibly that (a) the students had too much 
exercise, (b) an increase in weight resulted in an increased norm, (c) the players 
may have been stale when tested, which was three days following the final game, 
(d) as football had the only circled scores it is possible that some of the cases 
studied should have been circled scores and, therefore, not counted in this report, 
(e) the players practiced between twelve and two so that they played on either a 
full stomach or an empty stomach. 
Hockey Squad 
1. This group consisted of students who desired to participate in hockey and 
who had been deemed sufficiently capable by the coach. 
2 . The facility available was the hockey rink of the Boston Arena. 
3. The program was designed to develop ability to skate and to teach the 
fundamentals of hockey. 
4. The group met twice weekly for ninety-minute periods. The practice was 
divided between teaching the boys bow to skate, bow to handle a hockey stick, and 
the fundamentals of hockey . 
5. Changes in each test are reported in Table II. The most outstanding change 
was the fact that the left grip was unchanged while the right grip increased 8-4 
points. 
6. The reason for the changes is possibly the method of handling the stick. The 
left hand is used to guide the stick while the right hand is the driving force in using 
the stick. 
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Basketball Squad 
r. This group consisted of students who desired to participate in basketball and 
who had been deemed sufficiently capable by the coach. 
2. The facilities available were three gyros, one, one hundred by fifty and the 
other two, sixty by thirty-five. There was a total of eleven baskets available for 
practice shooting. 
3. The program was designed to develop in the boys an eye for shooting as 
well as to teach the fundamentals Of basketball. 
4. The group met four days weekly for sixty-minute periods. They practiced 
the fundamentals of passing, dribbling, pivoting, and shooting. They also had 
scrimmages twice a week. 
5. Changes in each test are reported in Table II. The most outstanding change 
was in the arm strength where an increase of 42 .I points was recorded. 
6. The reason for the change is possibly that the constant shooting develops 
the muscles of the arms and back. 
SPECIAL CASES 
Twelve case reports are included to illustrate special findings which 
result from measurements, as well as to indicate the general nature of 
guidance given by the test results. 
Track Group. (H. P .)-P.F.I. 's IOQ, I29, and 148. This boy weighed I28 
pounds in September and remained about the same for the course. His gains were 
due to a general increase in fitness as his Strength Indices were I 7 56, 2070, and 
2381 while his N.S.I. remained the same. 
Abdominal Group. (H. C.)-P.F.I.'s 78, 94, and IOI. The boy weighed I62, 
I65 0 , and I66. His Strength Indices were I834, 228I, 2453. The increase in P .F .I. 
was due to a marked gain in strength as his norni also increased. · 
Track Group. (W. B.)-P.F.I.'s were I42, I62, and I75. The boy was I7 0 
years old, weighed I I 7 pounds, and was 66 .s inches tall. The change in P .F .I. was 
due to a general all-round physical improvement as his norm remained constant. 
Wrestling Group. (C. G.)-P.F.I.'s 96, u6, and I3I. This was due to an 
improvement in the leg lift which went from 735 to IIIO and then to I3Io. 
(B. P .)-P.F.I.'s recorded for this student were 74, 9I, and I28. This was due 
to the special exercises given by the physical director and to a drop in weight of 
IO pounds. 
(M. C.)-Tbis boy was placed in the low P.F.I. group by the physical director 
as he had a P .F.I. of 79 in September. This increased to I07 in November and 129 
in January due to strength increase as his norm was about the same for all tests. 
(R. B.)-September P .F.I. of 78 was regarded as very low . for this student. 
Questioning by the tester revealed that student had been ill for two months with 
streptococcus infection . Placed in low P.F.I. group and given special exercise. In 
November P .F.I. was ror. Student left school before January so a third test was 
not taken. 
(E. F.)-The P.F.I. in September was 61. Boy's weight was 226. Placed in 
special exercise group and although strength had increased by 'November his P .F .I. 
had dropped to 55 due to a 9-pound in crease in weight. By very close check on stu-
dent both in and out of school his P.F.I. in January was 67 with a 4-pound de-
crease in weight. 
(J. D.)-In September when being tested for the leg lift this student broke the 
handle of the back and leg dynamometer with a lift of 1290. His P .F.I.'s were 141-
I4I-I30. The last P.F.I. was low due to a sore back as his leg lift went down to 
ro6o. 
(G. M.)-The P.F.I.'s for this student were I6S-I36-r6I . The low second 
r 
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score was caused by a bad cold of which the boy complained. He had been sick 
with it for two weeks. 
(F. C.)-A P.F.I. increase from 132 to 159 to 173 was recorded by this boy. 
This was due to a straight increase in strength as his norm was practically the same 
for all tests. 
(A. P.)-ln September a P.F.I. of 47 was recorded for this boy. A careful 
check-up by the physical education staff revealed that the hoy was over-worked 
and did not have sufficient rest. As a result of the reorganization of daily life his 
P .F.I. went to 63 in November and 89 in January. 
SUMMARY 
Comparisons of P.F.I. changes in Northeastern University students 
in various activities indicate that wide differences in physical fitness 
are effected by participation in different sports. The data seem to show 
that as conducted at Northeastern during September, 1934, to January, 
1935, general corrective programs, exercises to improve abdominal con-
ditions, cross-country, and hockey yielded the greatest dividends in 
physical development. Football was least productive, but wrestling was 
not much better. 
Comparisons between the two periods seemed to verify the writer's 
observation during the first period that increase in fitness depends less 
on the nature of the sport than on the methods used by instructors and 
supervisors in controlling students' activities. It is, for example, possible 
to make football much more productive than at present, by changing 
practice technics, particularly the hour of practice. 
What results would occur if supervision were withdrawn from all 
sports remains an interesting and challenging question to be solved by 
further research. 
It should be noted that this study did not pretend to measure 
changes in attitudes. Thus the swimming instructor spent nearly six 
weeks in overcoming his students' "fear of the water." This accom-
plished, though no great gains in physical fitness were effected, he then 
set them to swimming, and during the second period their P.F.I. gain 
was very creditable. Since all athletic abilities depend on considerable 
strength for adequate performance it would seem wise if the swimming 
instructor took whatever steps were necessary to increase strength dur-
ing the first period as well as the second. 
The testing and research programs had markedly good effects on 
many coaches, instructors, physicians, and directors. Knowing that 
their work would be checked they examined students more carefully, 
followed up examinations more persistently, and were more active in 
leading special groups. 
The effects on students were remarkable. Not only was fitness 
greatly improved but also the students' attitudes changed considerably. 
The students asked many questions as to how they could improve their 
physical condition. Several "low Physical Fitness" students reported 
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that they felt much better physically and that they had more pep as 
their P.F.I. improved. All the students cooperated to the best of their 
ability with the testers and with their coach or instructor during the 
twenty weeks of the course. 
The tests were the first ever given at Northeastern University. It 
is the feeling of the physical education staff that the value received f; 
was so great that they should have a fixed place in the physical educa- I 
tion program. 
STATISTICAL ANALYSIS 
Tables III and V report the weighted average changes in test scores 
between September and November and the medians and correlation 
data. Tables IV and VI report the same data for November-January 
changes. These data are recorded to facilitate comparisons between 
activities. The following tentative conclusions are suggested which, of 
of course, must be verified by other investigations before being at all 
useful for final conclusions: 
1. The high correlations between tests for the abdominal group 
(.89) together with the increase in P.F.I. of 6.2 would seem to indicate 
that improvement was fairly uniform for most of this group. 
2. In the wrestling group, although the P.F.I. increase was only 3.2 
the sigma decreased 2.35 points from r,5.8o to 13.45, indicating that the 
group was more homogeneous in November than in September. While 
the increase was small yet all the students tended to change alike. The 
correlation coefficient between tests was .89. 
3· Cross-country seems to be the best sport for all-round physical 
development. This is shown by an increase in strength of 17 5 pounds. 
The leg lift increased r I I .8 points while the back lift increased 8o.o 
points. The P.F.I. change was plus 8.8. The correlation coefficient of 
.8o between tests indicates that the changes were spread over the entire 
group rather than a few cases having exceptional gains. 
4· Football showed a P.F.I. decrease of .8 points. The sigma 
change was minus 3.8o from I8.so to 14.70. This would seem to indi-
cate that while there was a slight decrease in fitness the group tended 
to be more homogeneous at the end of the period than at the beginning. 
It should also be noted that the· decrease was in P.F.l. and not in actual 
strength. There was a gain in strength of 67 points which was, how-
ever, not sufficient to offset the norm increase of 82 points. 
5· A comparison of the swimming changes between the first and 
second period seems to indicate that the greatest improvement came 
not from practicing the stroke and the kick singly in the air, but from 
actual experience in the water. This is indicated by a strength increase 
of 84 points in the first period and I32 points in the second period 
when swimming practice was increased. 
6. In the writer's opinion the individual programs of exercise such 
as used in the "Low P .F.I. group" are the best type of exercise for 
.,. 
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TABLE III 
S EPTEMBER-NOVEMBER W EIGHTED A vERAGE C H ANGE IN S coRES 
I Low I Wrestling I Cross All Abdominal P.FJ. Gym Swimming T rack Country Football Groups 
No. oi Cases ..... . . . 2I I II 97 I 30 8 I 74 14 27 l 82 
Age (.Mo .) . .. .. .. . 2 I 2 2 2 2 I 2 2 2 2 
Weight ..... . . .. . . . 2.2 I 2.3 1.9 1.6 2.2 I 1.6 1.9 s .o l 
Height (In.) . . . .. . 
·4 I ·4 ·3 .2 -5 I -3 -3 I ·3 -3 
Arm Strength ... ... 34 I 77 20 6o ' 3 I 37 -7 -5 I - 56 24 
Leg Lift ... ... . .... 37 I 92 6r I 2 24 I 67 II I.8 I 81 59 
Back Lift ......... 74 I 74 49 34 38 I 64 So 44 55 
Left Grip . .. . . .... . 4-5 I . 7 6.3 2.5 8.7 I 1.9 3-8 4-7 4·2 
Right Grip . .. . . .. . 5.8 I 8.3 3-9 4·5 6.Q I s.6 L3 -.1 4.2 
Lung capacity . . . ... 9 I - 3 2 -4 3 I - 2 - 4 - 8 - I 
Strength I . . .. ..... 1/0 I 243 ISO 84 u6 I 176 175 I 67 I 55 
Nonnal S. L ... . . . 40 I 82 40 42 39 I 42 42 
I 
82 46 
P. F . L .. . .... . .. . . 6.2 I 9·3 6.2 1.6 3-2 I 6.9 8.8 - .8 54 
.. 
t 
TABLE IV 
NoVEMBER-JANUARY W:EIGHTEI> AvERAGE CHANGE IN Scous 
Low 
Swimming I Wrestling All Abdominal P.F.I. Gym Track Hockey Basketball Groups 
No. of Cases ..... . IS 8 I08 24 I II 34 I3 IS 228 
Age (Mo.) .. . . . .. . 2 2 2 2 I 2 2 2 2 2 
Weig:ht ..... ...... .6 -2 .3 .6 
-7 I -9 3-4 4 ·4 1.0 
Height (ln.) ....... .2 .2 .I .2 I .I .I .6 .I .I 
Arm Strength ... .. . 29.8 23.8 28 23.I I .I 26.9 26.6 42.1 26.3 
Leg Lift .... ... ... 47-7 97.1 66.6 66 I 25-9 I464 40 so.8 6o.6 
Back Lift ..... .. .. I8.6 10.I 41.6 30 64.1 S3·6 S1.6 63-7 41-9 
Left Grip ......... .8 8.3 4-9 II.4 6.2 s.8 0 3.6 S-7 
Right Grip ........ 4-2 -S-3 s.6 3-9 2.2 6.8 84 4.1 4-7 
Lung Capacity ... .. -2 .8 6.2 -1.7 -3.I I -3-3 3-2 -4.6 -2.7 --9 
Strength I. .... .. .. 91.6 I33-I IS34 I32 I 9S4 1S2.7 I24 161.6 136.7 
Normal S. I. ... ... . I8.8 -12 .8 2I.S ~ 31.0 19-3 IS I4.2 2S P. F. I. . .. . .. ... .. . 4-2 S-9 6.2 1.8 6.0 8 ,0 74 S-7 4 
... I~ 
' . 
I 
Abdominal 
Sept. Median ... IOS -98 
Nov. Median . .. II2 .0J 
Median Change 6.os 
Sept. Sigma ... . I4.60 
Nov. Sigma .. . . . 17-59 
Sigma Chanj!c ... 2.99 
r . .. . . . .. . . .... .89 
P. E . r . . . . . . . . . .0306 
P. I. r . . .. .... . 
·54 
Abdominal 
Nov. Median .... II3 . 
J an. Median .. ... n8.2 
Median Change .. s.z 
Nov. Sigma .... . r6.4r 
J an. Sigma ..... . r8.72 · 
SiJl;ma Change .. 2.31 
r .. . .... . .... . . 
-91 
P . E . r . ..... ... .0337 
P . I. r .. . . ... . . 
-57 
TABLE V 
SEPTEMBER-NOVEMBER P. F. I.-CORRELATION DATA 
Low 
Swimming! P .F .I. Gym Wrestling Track 
67-5 III.27 103 .66 1uo.6 I07-9I 
78.6 II7.I4 ros .67 I II2 .5 II.3-3I 
I I. I s .s7 2.01 I 1.9 540 
II.40 IS.63 20.355 I rs .so 23 .87 
I4-S8 I6.s I8.640 I I3 .45 24.I6 
3.I8 .87 -1.715 I -2.35 .29 
·73 .?6 .83 I .89 .89 
.0945 .0289 .0383 I .04QI .OI63 
.31 
-35 ·44 I -55 -54 
TABLE VI 
NOVEMBER-JANUARY P .F .!.-CORRELATION DATA 
Low 
Swimming I Wrestling P.F.I. Gym Track 
73-5 II 5-9 IIO.I I IIS .2 I09·4 
79-5 121.4 I I5.9 I n6.7 IlS .I 
6.0 5·5 s .8 I 1.5 5-7 
15-92 1641 17-95 I 13.91 18.19 
18.52 J7.03 16.91 I 12.74 19-76 
2.60 .62 - 1.04 I -I. I/ 1.57 
·77 ·77 .86 I .87 .84 
.0975 .0265 .0358 I .0467 .0336 
·36 .J6 ·49 I .so -45 
Cross 
I Country 
I I 7-5 
126.1 
8.6 
I3.05 
I6.27 
3-22 
.So 
.065 
40 I 
Hockey 
Il6.9 
125-7 
8.8 
r6.51 
18.93 
2.42 
.So 
.0545 
40 
Football I 
I03 .52 
103.24 I 
- .28 
IS.so 
I4-70 
-3.80 
.?8 
.oso8 
-37 I 
Basketball 
Il2 .3 
II94 
7.1 
I7 -49 
15-38 
-2 .11 
-79 
.0654 
·38 
All 
Groups 
I06.4 
112 .17 
5-77 
19.885 
20.540 
.655 
.82 
.0134 
-43 
All 
Groups 
1II.6 
II7.7 
6.1 
20.89 
22 .04 
2.rs 
.83 
.0135 
-44 
... 
.,. 
... 
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strength improvement. The average increase in strength in the first 
period was 243 points and in the second period I33·I points. The total 
increase for the two periods was 376.1 which is about so points higher 
than track and 7 5 points higher than gymnastics. 
7. The gymnasium group did not increase as much as they should 
have in arm strength. This was caused by lack of apparatus work. 
However, the group as a whole had a P.F.I. increase of 6.2 for each .~. 
period. This fact, together with the fact that the correlation coefficient 
was almost the same for both periods, indicates that these students all 
had a steady upward rise in P.F.I. which was sustained over both 
periods. 
8. The track squad had a marked improvement in leg lift for the 
second period over the increase of the first period. This seems to 'show 
that actual increase in leg strength comes more from actual competitive 
·racing than from practice where one is not so forced as in regular com-
petition. ?-
RECOMMENDATIONS 
The recommendations listed below are made with full realization · 
that under present conditions at Northeastern University it will not be 
possible to put some of them into effect. However, they should be kept ·. 
in mind so that when facilities are improved the changes can be made. 
I. The wrestling group should be placed in a larger space so that 
there will be more opportunity for more members of the group to exer-
cise simultaneously. The space might well be one of the small gym-
nasiums, suitably equipped with mats. 
2. The program of the gymnasium group should include more ap-
paratus work. 
3· Crowded gymnasium classes should be avoided by excusing from 
the required gymnasium course, those students whose P.F.I. 's are over . 
I 14 in September. Those excused would be allowed but not required 
to select some activity. 
4· The swimming program should be changed so that the students 
enter the water as quickly as possible. This means that the instructor 
will have to develop some method of quickly removing any "fear of 
the water" that the students may have. This should result in a marked 
increase in the P.F.I. during the first period and a consequent increase 
in power to swim. At all events students in this group should have more 
exercise during the first period. 
5· The writer believes that the cross-country squad· does not have 
sufficient arm exercise. These students should be advised to take addi-
tional exercises to increase their arm strength. This will probably not 
affect their cross-country ability greatly but it will increase their general 
fitness. · 
6. The football squad's practice periods should come at some other 
time than between 12 and 2 P .M. This would avoid the unhealthful ex-
L 
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pedient of practicing either on a full stomach or on an empty one. The 
writer believes that neither of these conditions is conducive to improve-
ment in physical fitness-and the test results support this opinion. 
7. The program for the abdominal group should be so designed or 
rearranged that the back muscles receive as much exercise in the second 
period as in the first period. 
8. It is suggested that if the hockey coach would instruct his men 
how to shoot both left and right handed there would be an increase in 
the left grip and probably an improvement in playing ability. 
9· The "Low P.F.I." group should be checked constantly by both 
physician and instructors so that as quickly as possible students will 
have their physical powers brought back to normal. In many cases this 
will require also investigations of home and living conditions. 
10. All students who have P.F.l.'s of eighty or below in September 
should be required to enter the "Low P.F.l.'' group and remain there 
until they have increased their P.F.l. sufficiently to be removed from 
the low classification, even if they remain in this classification for 
two or three or four years. They should be encouraged to select an 
interest activity in addition under proper and careful supervision, unless 
contra-indicated. The interest activities should be those which have a 
carry-over value into adult life, like tennis or golf. 
11. The results of this study should be shown to the students and 
be thoroughly explained. This should motivate them to select the activ-
ity which will be most helpful in increasing their fitness. This also may 
motivate the students to try harder to improve themselves. 
